N AONY - Ro (0114 - -
~ LA-UR -81-748

RSP PR . ]
SR T e o
. N

TITLE: =LECTRONIC WEIGHING, LDENTIFICATION, AND SUBDERMAL BODY
TEMPERATURE SENSING OF RANGE L1VESTOCK

AUTHOR(S): DEAN M. ANDERSON, USDA
JEREMY A. LANDT, E-11
PAUL H. SALAZAR, E-2

SUBMITTED TO: JOINT U.S./AUSTRALIAN WORKSHOP ON FORAGE EVALUATION
Yy AND UTILIZATION - AN APPRAISAI. OF CONCEPTS AND
HE:\ -\-\". TECHNIQUES, ARMIDALE, NSW AUSTKMLIA, OCTOBER 27-31,
2 b A 1980
AT R :

—_— DIGCLAWMER

Hy accoptance of this articly, thy publisher recogmizes that the
U.S. Governmant retans 8 nonoxclusive, royalty-frge licanse
to publish or reproduce the published farm of thn contribu-
tion, or to allow othen to do so, for U.S. Gowveriengnt pur-
POsuE

The Los Alamos Scientific Laboratory ruquusts that the pub-
Lisher iduntify this artucle es work performed unduore the aus:
picor of tho U S. Lwpartiment ot Eneryy.

m LOS ALAMOS SCIENTIFIC LABORATORY

Post Office Box 1663 Los Alamos, New Mexico 87545
An Atfirmative Action/Equal Opportunity Employer

University of California

r\.

. '
Form No. 838 R3 UNITED STATUS .
61, No. 2620 UEKPANTMENT OF KNEROQY ol oF TS o 15 RS

2n CONTHACY W-7408-KNG. 18


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


Marging Marging

1

1127 1 172" 1~

20
21
22
2)
24 l
9
0

27

€A roma 187
(TYRY AN

I |

ELECTRONIC WEIGHING, IDENTIFICATION AND
SU'BDERMAL BODY TEMPERATURE SENSING OF RANGE LIVESTOCK

DEAN M. ANDERSON, JEREMY A. LANDT, and PAUL R. SALAZAR!

To be presented at and published in the proceedings of
A Joint U.S. - Australiaa Workshop
Armidale, NSV Australia
Octcber 27-31, 1980
Forage Evaluation and Utilization
An Appraisal of Concepts and Techniquer

Sesaion V - lechniques of Evaluating Forage With Grazing Animals

Research animal scientist, USDA, Science and Education Adainistration,
Agricultural Research, Jornada Expsrimental Range, Lav Cruces, Nev Hexico
880G1; staff wamber and techuician, Los Alamos Scientific Laborator:s, Los

Alamoy, Nen Mexico 87545,

MANUSCRIPT GUIDE BNEXT

UBDASRA



ELECTRONIC WEIGHING, IDENTIFICATIOM AND SUBDERMAL BODY

TEMPERATURE SENSING OF RANGE LIVESTOCK

D.M. Anderson, J.A. Landt and P.H. Salazar!
Abstract

Individual animal weights can be obteined manually or automati-
cally in a computer-compatible format with an electronic scale. If an
electronic identification, subdermal body temperature sensirg unit is
interfaced with an electronic scale, the weight, identification, and
subdermal body tempeiature of individually identified animals can be
asbtained either manually or automatically, and transcriptional and
phonetic errors thus eliminated. Electronics can be used at remote
locations despite extreme temperatures, dust, and fluctustion in
battery power. For research purposes, daily weight fluctuations,
watering behavior, and subdermal body temperature can be recorded
continuously. When the system becomes commercially available,

increased livestock production at a lcwer cost will be possible.

INTRODUCTION

Monitoring anima! weight change is the most frequenily used
technique to measure animal response (Johnson and Laycock 1962).
Cattle have not been weighed frequently in the past because of labor
costs and handling stress to livestock (Matches 1969). Technological
advances with semiautomatic scales (Low and Hodder 1976) and now with
presen. day electronic scales (Martin et al. 1967: Filby et al. 1979;
Gross 1980) have made daily weighing possitle without high labor
requirements and without detrimental liandling stress to the animals.

Monitoring individual anima) performance requires individnal
identification. During the late 1960's aud ear'y 1970's, electronic
identification became & reality (Street 1979)., With elnctronic
identification, computer-bared individual animal management is now
possible (Nott 1979).

Along with electronic animal identification has come wubdermal
electionic body temperature monitoring. Part of an animal's individn-

ality 1o expressed in a slightly different wean body temperature,



with perhaps a different diurnal pattern (Seawright et al. 1979).
However, health problems may be ewminent if temperatures in cattle

exceed 39.5 C (8lood aud Henderson 1974).

ELECTRONIC WEIGHING

Animal weight data have been taken on individual animols grazing
the Jornada Experimental Range since 1958, 1In the past, the records
were kept on index cards and required much hand labor with no suitable
method for automation. 1In 1977, researchers at the Range initiated a
computer record system to increase efficiency. To maximize the
computer gystem capabilities, a semiportable electronic scale was
purchased ip the fall of 1978, The scale unit was built with features
for both manua! and automatic operation.

For manual operation, a hand-held keyboard with digits between 0
and 9 allows each arimai's fire brand to be entered «t the time of
weighing. With this keyboard, both the Julian date and the military
time can also be entered into the scale's clock at the beginning of
any weighing cycle. Individual animal weight, a four-aigit fire brand
for identification, Julian date and wmilitary time arc recorded on
cassette tape in the field for later transfer to a computer file with-
out the need for minual data entry. As & backup sysctem, a 21-column
paper tape can be printed in the field & the time the data are
coilected.

Automatic, una‘tended operatiun of the electronic scale is taxing
place in & remote location where electric power must be generated on
site and stored in batteries. Restrained weighis are taken every 28
days, and automatic weights are taken in the interim.

The electronic scale, located in a one~way maze, is inside a
corral vhere the animals must come to vater. For automatic data
azquisition, the animals anter the corral through an ertrance bayonet
gate, pass rhrough the maze and cross the eiectronic scale where they
are weighed before they reach the water. After the animals water,
they leave the corral thcough an exit bayonet gate.

As an animal s._eps onto thie scele platform, a photo beam is
broken. This event trigpers & solenoid to release compressed air to
tvo pneunstically operated air rums. One ram closes a wire mesh gate
in front ~f the animal, the other ram secures the gate while it is

closed. The sutomalic gate has a time relay that can “e adjusted to



keep the gate closed up to 1l seconds; after this time, air is vented
from the rams, and the gate 1is spring loaded to open. Breaking the
photo beam engages the scale electronics to print weight, Julian date
and military time on the paper tape, the cassette tape, or on both.
An adjustable time relay stops data recording after a predetermined
number of prints have been made. This prevents erroneous data
acquisition if the photo beam is broken without the animal being on
the scale or if the pheto beam is rot automatically reestabl.shed
after an animal leaves the scale.

The electronic scale weighing platform measures 3.0 m by 63.5 cm,
with a single load cell in each corner and 1.8-m high, flared solid
steel sides with parting sliding doors for manual weighing. The
electronic unit can operate on either 110 V.A.C. or 12 V.D.C.; and
has a weighing range between 0.45 and 1814.37 kg certifiable at 0.1Z.
The electronic procedure used to obLain an animal weight does not
average consecutive scale readings; therefore, & winimum of 2 to ]
seconds with the animal on the scale platform is required for the
scale electronics to reach a stable, accurat~ weight.

Weights from the electronic display unit > 0.0 and < 0.5 kg are
displayed and recorded as 0.0 kg whereas weights > 0.5 and < 1.0 kg
are displayed and recorded as 0.5 kg. Response time ic adjustable to
give as many as four weights per second to a damped response giving
one weight per two seconds. Both an automatic zero and a manually
operated tare button are available. To exclude recording data if more
than one animal enters the scale at & time, engineers built an
adjustatle upper bound into the microprocessor. If this feature is
used, weights in excass of the preset &smoun. are not passed to the

paper tape printéer or cassette recorder,

ELECTRONIC IDENTIFICATION AND SUBDERMAL BODY TEMPERATURE SENSING

The United States Departament of Agriculture, Animal Plant Health
Inspectior Service in conjunction with the Department of Energy funded
the developwent of an electronic identification and temperature moni-
toring system for use in animal disease control through improved
disease detection and traceback (Holm 1977). The work began in 1972
at Los Alamos Scientific Laboratory (LASL), Los Alamos, New Mexico;

and by the fall of 1973, the theory of operation had been proved



technologically feasible (Baldwin et sl. 1973). However, not until
the fall of 1976 was a subdermal transponder having both temperature-
measuring capability and three digits of identification, demorstrated
(Holm 1976). Bobbett et al. (1977) have documented the technical
aspects of electronic identification and temperature monitoring.

The experimental transponder unit, 14 e@ long, 2.5 cm wide, and
1.6 cm thick, contains an antenna and an approrimately 1 cn3,
hermatically sealed microcircuit (Araki et al. 1980). For encapsula-
tion, the unit is dipped in silicone rubber to give the transponder
smooth rounded corners to reduce pressure necrosis when implanted
subdermally, parallel with the backbone on the enimal's 'eft side
behind the shoulder blade., With additional development, reduction in
transponder size will allow the use of an implant gun rather than
surgery.

Above the place of interrogation, an antenna sends a microwave
beam of 462 MH, toward the transponder. The beam penetrates the
animal's skin with sufficient strength to power the transponder
circuitry. The transponder, in turn, sends back to the antenna an
encuded identification number and subdermal body tempersture that is
decoded with appropriate filters and digital electronica. The trans-
ponders used in the field teet have a ]13-bit memory with three digits
each for identification and subdermal budy temperature sensing,
accurate o within *+ 0.5 C (Holm et 8l. 1979). Erroneous rcadings are
essentially elimirated because the receiver circuitry requires that
the identical coded signal be received three successive times before
it is accepted ar a correct signal. Tempersture reproducibility is
within ¢ 0.1 C betwveen temperatures of 30 and 45 C with interrogation
time less than 0.5 seconds vith no erroneous readings for animals
moving up to 24 km/hour (Holm et al, 1979). Electromagnetic radistion

levels are kept within the U.S. health standards.

THE ELECTRONIC SYSTEM

The interface of electronic weighing with the LASL electronic
identification and subdermal body temperature sensing unit was first
sttempted in 2lbuquerque, New Mexico, in August 1977 during an Inter-
nstional Brand Conference. During the fall of 1979, the first field
test of olectronic weighing, identification, and subdermal body

temperature sensing began on the Jornada Experimental Range.



Presently, continuous monitoring of cattle weight change, watering
frequency, and subdermal body temperature is being investigated. The
cattle grazing a 3,3Z20-ha, unimproved, semidesert range pasture are
weighed and interrogated at a corral location, where frequency of the
cactle to water dictates the amount of data collected per unit of time.
Time and date of watering are recorded for each animal as it crosses
the electronic scale; however, not all individual weights are
identified because only 65% of the herd is transponder identified.

Two extra data locations for input from the electronic identifica-
tion and subdermal body temperature sensing unit were provided in the
electronic scale's cassette tape and paper tape recording components.
With automatic unattended operation, those animals having transponders
are individually identified along with their subdermal body temperature
at the t'me their weight is taken. The interface between the electro-~
nic scale and the LASL svstem (Fig. 1) has required several special
interface units that function in timing the sequence of events so data

are properly recorded on the cassette tape or "he paper tape, or both.

Table 1

Mean wright (kg) obtasined automatically over B consecutive days
from & to 13 August, 1980 for 10, two-year-old trsnsponder-implanted
heifers grazing unigproved semidesert rangeland.

S o e
—————m———

Meen Weight!

Anisal
No. 8/6 ®8/7 B/8 /9 8/10 8/1) 8/1211 8/1) -
X eS.D.11

949 23 sy __ 291 215 281 175 12
950 @81 30 __ - 07 199 16
962 360 3% 0 T el 367 6
96) 220 1313 Y el 29
971 [/ FE I s T 50 30 N
972 306 I 3T _ 329 309 — ns o
973 29 332 %2 e 3wy T T 338 ?
975 32 s w3 T 66 6
979 ) 369 e T ek 30 6y 14
984 - 2% T 29 . T[/B W 2

X3 3% K358 WS 26 32) 3%

z5.0. 32 25 59 16 33 » 4l 0

t indicetas that animal did not enter corral and cross over veighing platform,

tt Rained intermittently during the 24-hour period.
11t §.D. ® standard daviation.

Fig. 1. Block diagrém of a single-animal scale and electronic coapo-
nents for manua’ and automst ic weighing, identification, and
subdermal budy tesperature senaing of cattle.



The interfacing of the two electronic units into & working system
hsc met with seversl problems. The mcst important problems are: 1)
the failure of comuvercial equipment to perform in accordance with manu-
facturer's specifications; 2) environmental problems affecting the
electronics, especially extremes in temperature and dust; 3) interface
timing problems between the LASL equipment and the electronic scale;
and 4) some erroneous weights that must be discarded because animals
ate not always spaced go that only one animal enters the scale when the
system is operdting automatically and unattended. Extremes in ambient
temperature above 37 C are very difficult to control under remote
situations and still pose a problem to the electronics. However,
raising the ambient temperature around the electronics above 0 C during
the winter has been adequately corrected with a thermostatically opera-
ted propane space heater. Sealing the doors and windows in the equip-
ment trailer with weather stripping and caulking has substantially
reduced dust accumulation.

A total of 42 transponders were surgically implanted beginning in
June of 1979. Of the original transponders, four were surgically
removed, two because the animals vere culled from the herd for mansze
ment reasons snd two becasuse the transponders cessed to function. Ten
other nonfunctioning transponders have not been surgically removed from
the herd and probably have ceased to function because body fluids
entered the transponder and caused electronic failure. Of the 27

transponders still working, one has been in place for 389 days.

DISCUSSION AND CONCLUSIONS

With manual electronic veighing, 86 head of livestock can be
efficiently wveighed per hour st & remote locstion. This weighing
represents & 412 saings in time over that v th single animal wechan-
ical weighing and (ompares favorably with results in previously
reported studies (Fildy et al. 1979). Tranacriptional and phonetic
errors are eliminated with computer speed and orecision during data
acquisicion and summarizatiun. 'Continuous, unattended, autowatic
weighing adds the positive benefit of reduced handling stress and also
eliminates the labor required for gsthering and manual weighing. By
interfacing electronic weighing wi.h electroni: identification and
subdermal body temperature sensing, sutvastic nattended dats acquisi-

tion on an individusl gnimal Sasis is possitle. Transponder-



identified animals can be interrogsted at frequently visited locastions
such as water and salt, if the investigator wants to document diurnal
use patterns. The temperature-sensing capability of the transponder
vill allow temperature-rclated stress and disease phenomena to be
investigated. Timely management decisions related to the repfoductive
cycle of range livestock may also be possible through the monitoring
of subdcrmal body temperature.

Shor? periods of automatic unattended operation have reveasled some
of the capabilities of the system. In Table ], daily weights of
2-year old heifers grazing unimproved semidesert range reveal their
daily weight fluctuations. Too often, money and labor constraints
placed upon researchers result in few animals >.I:7 weighed infre-
quertly, in efforts to evaluate treatmunt effects. Data in Table 1§
show that wvithin-animal varisbility was less than between-animal vari-
ability during 8 consecutive days for the 10 transponder-identified
heifers. If this trend is consistent continuous automatic electronic
animal weighing offers a precise, alternative method to the investi-
gator when production (weight change) is to be obtained for smiall

numbers of animals.
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From Table ] the pattern of watering frequency was umique tor

individual animals. Rain that fell on ]2 August was probably



responsible for reducing the animal's need to enter the corral for
water on 13 August. Between 6 and 13 August, all transponder~identi-
fied animals moved through the corral beotween 0800 and 2300 hours
(Mountain Standard Time); activity peaked between 1300 and 1500
hours. '

Ambient air *empersture (C) sensed near the interrogation locat~
ion and subdermal bdody tempersture (C) were recorded roncurrently
between 6 and 1! August 1980 for animal 973, a 2-year oild Santa
Gertrudis X Hereford crossbred heifer. Subdrnrmal body temperatures
wvere consistently higher and less variable than ambient air
temperatures. The range in subdermal body temperature of the 2-year
old heifer (37.0 - 40.3 C) for 6 consecutive days was less than the
range in ambient air temperatures (21.1 - 38.3 C). Because of the
proximity of the transponder to the skin surface and insulation of the
transponder by adioose deposition, corrections for ambient temperrature
will be necessary to det=ct physiological cheuges within the snimal
(Araki et al. 1980).

As a range research tool, electronic weighing, identification,
and subdermal body temperature sensing offer a means of collecting
accurate data in & preciae computer-compatible format that can be
rapidly summarized. Both labor and animal stress are reduced and
increased efficicncy thus results. With automatic operation, the
possibility that the "observer'" affects the "measurement” is elimi-
nated.

To the livestock producer, electronic identification will mean
individual record keeping on animal location, health, and prodiction
with fast, accurate computer precision. With minicomputers, even tre
small operstor will be able to automate many activities that currently
require time and labor, such as opening and closing gates for sorting
snimals and dispensing feed to individual animals. The end result
should be incressed producticn at a lower cost because mansgement
decision can be based on long-term individual records rather than a

herd average.
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